Neste artigo são apresentadas a síntese e a caracterização de dois compostos binucleares de ferro, os quais contêm uma ponte m-oxo. Os compostos [(SO 4 2 O, 2. The electronic spectra of both compounds show absorption bands only in the UV range. The electrochemical analysis showed that the dinuclear unit is more stable under reduction in compound 1 than in compound 2, while the Mössbauer spectroscopy revealed that the monodentate ligands (sulfate and chloride) have a significant influence on the Mössbauer parameters determined for 1 and 2, particularly on the quadrupole splitting values. Both compounds were studied as catalysts in reactions of cyclohexane oxidation, using H 2 O 2 and t-BuOOH as oxidants, in a substrate:oxidant:catalyst ratio of 1000:1000:1. Cyclohexanol, cyclohexanone, cyclohexyl hydroperoxide, t-butyl cyclohexyl peroxide and adipic acid were formed during the process. The experiments revealed that compound 2 is, in general, more active than compound 1 in promoting cyclohexane oxidation.
Neste artigo são apresentadas a síntese e a caracterização de dois compostos binucleares de ferro, os quais contêm uma ponte m-oxo. 2 O, 2. The electronic spectra of both compounds show absorption bands only in the UV range. The electrochemical analysis showed that the dinuclear unit is more stable under reduction in compound 1 than in compound 2, while the Mössbauer spectroscopy revealed that the monodentate ligands (sulfate and chloride) have a significant influence on the Mössbauer parameters determined for 1 and 2, particularly on the quadrupole splitting values. Both compounds were studied as catalysts in reactions of
Introduction
Under mild conditions, alkanes are inert compounds in the presence of most chemical reagents due to the thermodynamic and kinetic stability of their C-C and C-H bonds, which makes their transformation difficult to perform. 1 The evolution of living systems has provided many ways to overcome this difficulty, such as developing different metalloenzymes, like the cytochrome P-450 family and the methane monooxygenases. These are very specialized systems able to promote specific hydrocarbon oxidation. 2, 3 Along with copper, iron was selected by nature to form the majority of natural metalloenzymes, which participate in the oxidation of different organic compounds and have inspired several research groups in the search for the so-called biomimetic compounds that have some functional or structural analogies with the natural systems. 4 In this regard, several heme and non-heme iron complexes have been employed in studies on hydrocarbon oxidation including those of our group. [3] [4] [5] [6] [7] [8] [9] Soluble methane monooxygenase (sMMO), which is found in methanotrophic bacteria, is one of the natural systems that promote hydrocarbon oxidation, carrying out the conversion of methane to methanol. The active site of this MMO system contains a di-iron center coordinated to the amino acid residues glutamate and histidine, and to water molecules. 9 During the sMMO catalytic cycle the oxidation state of the iron ions changes from Fe 2 Fe IV unit, which has also been characterized by spectroscopic and structural methods and is claimed to be analogous to the intermediate Q observed in the catalytic cycle of MMO. 12 Other di-iron complexes have been synthesized as models for the sMMO peroxo intermediate. 13 From the catalytic point of view, a number of mono and dinuclear iron complexes have been studied in reactions of hydrocarbon oxidation. 7, 8, [14] [15] [16] In general, cyclohexane is the first substrate chosen as a model, because its manipulation and transformation is much easier than that of methane. Furthermore, the products obtained from cyclohexane oxidation, cyclohexanol and cyclohexanone, are precursors to adipic acid and caprolactam, which have extensive industrial applications in Nylon-6 and Nylon-66 manufacturing. Due to the high amount of energy expended in the actual process, the development of catalytic systems that operate under mild conditions is desired. 17 In order to contribute to a better understanding of how different ligand groups affect the physicochemical and structural properties of coordination compounds, we have recently published the synthesis and characterization of a family of mononuclear iron complexes containing bis(2-pyridylmethyl)amine derivative ligands (Figure 1: L1-L4 • 2H 2 O, 2, which were synthesized with a new member of the bis(2-pyridylmethyl)amine family: L5 = 1-(bis-pyridin-2-ylmethyl-amino)-3-chloropropan-2-ol ( Figure 1 ). An alcohol function was incorporated into this ligand aiming to compare its coordination ability with the ligands that possess amide (L3) and carboxylate (L4) groups. Both complexes 1 and 2 had their catalytic activity in cyclohexane oxidation investigated. The synthesis, molecular structure and nuclease activity of 1 have been published previously.
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Results and Discussion
Syntheses
The complexes were synthesized according to the scheme in Figure 2 . During the preparation of 1, a very small amount of a brown solid was formed, which was eliminated by filtration. In the synthesis of 2, immediate precipitation of a yellow solid was observed after the addition of the iron salt to the solution containing L5. We tried to isolate this product, but it is highly deliquescent. An initial characterization of this yellow solid, performed by infrared spectroscopy, revealed the absence of Fe-O-Fe stretching, indicating that it might be a mononuclear iron complex. This difficulty, concerning the isolation of a stable solid, 
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Vol. 21, No. 4, 2010 was solved by refluxing. However, with this procedure, only a red solid could be isolated, characterized as a (m-oxo)diiron compound. Interestingly, it was observed that the use of L5 results in dinuclear m-oxo iron compounds, while the other members of this family (L1-L4) produce mononuclear iron compounds under similar reaction conditions. We have previously published the synthesis of copper and manganese compounds with L5. For these metal ions, only mononuclear compounds were isolated. 22, 23 Both iron complexes are soluble only in polar solvents, including water, MeOH, CH 3 CN, dimethylformamide (DMF) and dimethylsulfoxide (DMSO). Conductivity analysis revealed that both compounds behave as electrolytes in water, indicating that, at least for 1 and under the conditions employed, the sulfate group should be displaced from the iron coordination environment.
X-ray molecular structure
The ellipsoid plots of the molecular structure of complexes 1 and 2 are presented in Figure 3 , the main bond distances and angles are shown in Table 1 and the crystallographic data are given in Table 2 .
The molecular structure of 1 has been published previously. The bis(2-pyridylmethyl)amine units from the ligand molecules adopt a meridional coordination mode (Fe-N amine : average = 2.236 Å, Fe-N py : average = 2.138 Å), with the pyridine groups trans to each other. The same coordination mode was observed in mononuclear copper complexes synthesized with L5; 22 however, it differs from the mononuclear seven-coordinate manganese compound, in which the pyridine groups are in cis arrangement. 23 Although it is recognized that the oxo bridge exerts a significant trans effect, it is not very pronounced in 1, since the Fe-N amine bond lengths (ca. 2+ , the aliphatic nitrogen atoms are cis to the oxo bridge and the Fe-N bond distances are 2.227(6) Å. 24 In 1 the alcohol groups are located trans to the monodentate sulfate group and cis to the oxo bridge. The Fe-O alcohol distances (average: 2.140 Å) indicate that the alcohol group is protonated. Also, its hydrogen atoms were found from the Fourier difference map. The Fe-O alcohol (ca. 2.140 Å) and Fe-N pyridine (2.138 Å) bond lengths are very similar, indicating that, at least in terms of structural parameters, both groups have similar basicity.
The cation 2 lies on a crystallographic inversion center and, accordingly, it has exact C i local symmetry, which gives the chloride ions an anti configuration, similar to that observed in the compound [(tpa)ClFeOFeCl(tpa)]
2+
. 24 In complex 1, in its turn, the sulfate groups show a syn configuration. The L5 coordination mode also differs significantly from that observed in 1. In 1 the N amine atoms are trans to the oxo bridge, while in 2 the alcohol groups occupy this position. In contrast, the N amine in 2 is cis to the oxo bridge, with Fe-N amine distances of 2.191(3) Å. The pyridyl groups are positioned trans to each other, as observed in 1.
In 2, the Fe-O-Fe unit is linear, which makes the Fe … Fe distance (3.580(5) Å) slightly longer than in 1 (3.5323(13)Å). The oxo bridge in 2 shows a more pronounced trans effect when compared with 1, resulting in a Fe-O alcohol bond length of 2.241(2) Å. This bond distance was approximately 2.140Å in 1, with the alcohol coordinated cis to the oxo bridge. Curiously, although there are different groups trans to the oxo bridge in 1 (amine) and 2 (alcohol), the bond lengths are practically the same: 2.236(5) in 1 and 2.241(2) Å in 2. The Fe-N bond lengths in 2 are slightly shorter than in 1. Properties of (m-Oxo)di-iron Complexes and Catalytic Activity J. Braz. Chem. Soc. 606 Both isomeric forms of the ligand are observed in 2 (R around Fe1i and S around Fe1), while only the R isomer is present in 1.
We have previously reported the coordination behavior of a similar ligand {N-(2-hydroxybenzyl)-N-(2-pyridylmethyl) [(3-chloro)(2-hydroxy)] propylamine} (L6 in Figure 1 ) which differs from L5 by the presence of one pyridine and one phenol group instead of two pyridines as observed in L5. L6 forms a mononuclear compound when it reacts with FeCl 3
• 6H 2 26 revealed that the iron ions are bridged by alkoxide groups from the ligand instead of presenting an oxo bridge, as observed for 1 and 2.
Spectroscopic and electrochemical characterization
The infrared spectra of the complexes are very similar, with the major difference being related to the presence of sulfate groups in 1, resulting in bands at 1175, 1124, 1106 and 1036 cm -1 . Bands characteristic of pyridine groups are observed at 1610, 1573, 1487 and 1449 cm -1 , and of the alcohol group at 3450 cm -1 . The asymmetric stretching of the oxo bridge (n as Fe-O-Fe) gives rise to a band of medium intensity at 832 for 1 and 825 cm -1 for 2, presenting higher wavenumber values when compared with [(tpa)ClFeOFeCl(tpa)] 2+ (n as = 816 cm -1 ). 24 The Mössbauer spectra of the complexes were collected at room temperature ( Figure 4) . The spectra for both complexes consist of a single quadrupole doublet, indicating the presence of only one type of iron Figure 3 . ORTEP diagrams for 1 (top) and 2 (bottom) with thermal ellipsoids at 40% probability. Hydrogen atoms and solvates are omitted for clarity. Symmetry code for 2: -x,-y,-z+1. for 2) indicate that the iron atoms possess an anisotropic electronic environment. Since high spin Fe III centers show a dependence of DEq on the local symmetry and on the electronic environment, 27 the higher value of DEq obtained for compound 1 might be related to a less symmetric coordination environment around the iron ions or it might reflect the presence of dianionic sulfate ions, which have a very distinct basicity when compared with the chloride ions coordinated in 2.
The electronic spectra of the complexes in CH 3 CN solution are very similar ( Figure 5 ). One band and two shoulders were observed for complex 1 and two bands and one shoulder for complex 2, all of them located in the UV range and presenting e values typical of charge transfer transitions. The band of highest energy is located near 255 nm (e ca. 21×10 3 dm 3 mol -1 cm -1
) for both complexes, and is attributed to ligand-centered transitions (pyridine). The shoulders between 300 and 400 nm observed in the spectra of 1 can be attributed to oxoFe III LMCT transitions. 28 Complex 2 also shows a band at 339 (e = 6.5×10 ) and a shoulder near 400 nm (e = 3.5×10 3 dm 3 mol -1 cm -1 ). Similar bands have also been observed in mononuclear iron compounds containing chloride coordinated to iron(III) ions, and were assigned to LMCT Cl Fe III . 18 Since complex 2 possesses both oxo and , 25 for which the anodic process for the first redox couple was composed of two oxidation waves attributed to the presence of two species in equilibrium, a six and a five coordinated Fe II . Since a similar feature is observed in the cyclic voltammogram of 1, the presence of two species in equilibrium can be proposed. Thus, after the first process of reduction, the sulfate anion possibly leaves the coordination environment of the iron center and six and five coordinated iron(II) ions coexist on the electrode surface, resulting in the two anodic processes.
The cyclic voltammogram of 2 shows two very well defined irreversible processes, one cathodic at −0.426 and another anodic at −0.223 V versus Fc/Fc + . There is a second irreversible cathodic process with low current intensity at −0.826 V vs. Fc/Fc + . The electrochemical profile presented by 2 is similar to that reported by Costes and co-workers. 30 For (L)Fe-O-Fe(L) compounds, where L is a Schiff base, Costes suggested that, after the first step of reduction -which leads to the formation of the mixed valence Fe III Fe II -the dinuclear unit is broken, resulting in mononuclear species that are oxidized at a more positive potential. Thus, it is possible to hypothesize that there is a chemical reaction associated with the reduction process of 2 at −0.426 V, resulting in the breaking of the dinuclear unit and formation of mononuclear species. This explains why the electrochemical behavior of 2 is so distinct from that of 1. The presence of a second cathodic process with low current intensity may suggest that a small amount of the dinuclear unit remains on the electrode surface.
The anodic process observed at −0.223 V is related to the oxidation of the mononuclear iron(II) species . Comparing the molecular structures of 1 and 2, it is possible to explain their distinct electrochemical behaviors. For 1, the alcohol group bound to one of the iron centers has an orientation that allows it to form a hydrogen bond with the sulfate group bound to the other iron center and/or with the oxo bridge. On the other hand, the alcohol groups present in 2 are coordinated trans to the oxo bridge, which does not allow any kind of interaction with the groups coordinated to the second iron center. Thus, the lack of intramolecular hydrogen bonding in 2 could lead to the rupture of the dinuclear unit after reduction, while for 1 it is proposed that the intramolecular hydrogen bond is responsible for the maintenance of the dinuclear structure.
Cyclohexane oxidation
Since the molecular structures of 1 and 2 are dinuclear and a dinuclear iron core is present at the methane monooxygenase active site, experiments aiming to evaluate whether the complexes could have monoxygenase activity were carried out. Cyclohexane was employed as the substrate and the reactions were performed employing different solvents (MeCN/BuOH), oxidants (hydrogen peroxide or tertbutylperoxide) and temperatures (25 and 50 o C). Cyclohexanol (Cy-OH), cyclohexanone (Cy=O), cyclohexyl hydroperoxide (Cy-OOH), t-butyl cyclohexyl peroxide (Cy-OOt-Bu) and adipic acid (AA) were formed during the oxidation process (Scheme 1, Table 3 ). Control reactions were carried out in the absence of the catalysts and no oxidation products were observed. It is also important to note that the yields reported in Table 3 were based on the substrate, since other kinds of reactions (catalase activity, insertion of oxo groups in the structure of the complexes etc.) may take place. (Table 3 , entry 1), complex 2 was more active than complex 1. Adipic acid was the main product obtained for complex 2, followed by Cy-OOH, Cy-OH and Cy=O. Interestingly, adipic acid is virtually absent when complex 1 is used, indicating that the two complexes have different behaviors in promoting the cyclohexane oxidation under these conditions. Interestingly, when the temperature is raised to 50 o C (Table 3 , entry 2) the total conversions observed for 1 and 2 are similar. Under this condition, the product adipic acid was not observed, differing significantly from the results obtained at lower temperature, mainly for complex 2. For 1, the main product obtained is Cy-OOH, while, for complex 2, Cy=O was obtained in larger amounts. This suggests that a different oxidation pathway may be in place.
When the oxidant was changed from H 2 O 2 to t-BuOOH, practically no oxidation was observed at 25 o C (Table 3 , entry 3), but it reaches 19% (1) and 16% (2) at 50 o C (Table 3 , entry 4). Under this condition, results indicate the same trend concerning the oxidation products for both complexes, and the major product formed is Cy=O, which suggests that the catalytic species should be the same for the two precursors. Furthermore, this result reveals that the temperature has an important effect on both the yield and oxidation mechanism. The influence of the temperature was also observed for compound 1 when H 2 O 2 was employed as the oxidant (Table 3 , entry 1). Entries 3 and 4 indicate that the interaction between the catalysts and the oxidants (mainly for t-BuOOH) would not occur so easily at room temperature, probably due to some steric hindrance, since it is facilitated at 50 o C. Thus, it is possible to suggest that, at the higher temperature (50 o C), the coordination environment of the iron center changes (ligand exchange or rupture of the dinuclear unit), facilitating the catalystoxidant interaction, which results in a higher yield for the oxidation reaction.
The change of solvent from acetonitrile to t-BuOH had a negative effect on the total conversion for both temperatures and oxidants. Firstly, we decided to study the cyclohexane oxidation in t-BuOH due to the fact that both complexes 1 and 2 are insoluble in this solvent. Thus, a heterogeneous catalysis could take place. However, the addition of the oxidants to the complexes made them soluble, resulting in a homogeneous system. When H 2 O 2 was used as the oxidant (entries 5 and 6) a very low amount of oxidation products were observed at room temperature. However, at 50 o C, complex 2 showed the highest selectivity toward cyclohexanol.
The system t-BuOOH/t-BuOH (Table 3 , entries 7 and 8) gives reasonable results only at 50 o C for complex 2. Under these conditions complex 2 showed the highest production and selectivity for Cy=O.
The two complexes presented here are less effective in promoting cyclohexane oxidation than the mononuclear iron complexes synthesized with the ligands L1-L4 and L6. 7, 8 In contrast to this tendency, Li and co-workes Several effects may account for the oxygenase activity of the iron compounds: the redox potential, the lability of the ligands, the presence of ligands able to form hydrogen bonds and steric hindrance effects. [32] [33] [34] The analysis of our data reveals that compounds 1 and 2 are very distinct catalysts. The activity of each compound is dependent on the experimental conditions (solvent, temperature, oxidant) employed in the oxidation reaction. Since both are dinuclear m-oxo compounds and contain the same polydentate ligand, the differences observed in the reactivity may be related to the following points: i) the coordination mode of the polydentate ligand around the iron ions; ii) the charges and types of the monodentate ligands (SO 4 2-and Cl -); iii) the charges presented by the complexes; iv) the redox potential of the metal center. Since several variables can be related to each other, at the present time it is not possible to establish the factors which drive the activity of the iron complexes synthesized with the ligand L5.
Considering the molecular structure, in compound 2 the chloro ligands show an anti configuration to each other, while in 1, the sulfate ions are syn. This structural difference may explain the higher activity of compound 2, since the iron centers in this compound are more accessible to the oxidant than those in 1. Furthermore, electrochemical data showed that the dinuclear unit in 2 is not very stable. Since we have observed previously that the mononuclear iron compounds synthesized with L1-L4 and L6 are more active in cyclohexane oxidation than the dinuclear compounds presented here, it is possible that the easier conversion of the dinuclear 2 in a mononuclear compound makes this complex a better catalyst that compound 1.
Conclusions
This study revealed that the tripodal tetradentate ligand L5 yields the formation of (m-oxo)di-iron(III) compounds. This feature is independent of the oxidation state of the iron salt employed in the synthesis (Fe  II or Fe   III ). However, the behaviors related to the coordination mode of the ligand differ, and this accounts for the distinct electrochemical behaviors and probably to the catalytic activities. In general, compound 2 was more effective than compound 1 in promoting cyclohexane oxidation, although the results for both complexes showed a dependence on the reaction conditions (solvent, oxidant, temperature). The two complexes were more active in the medium with H 2 O 2 as the oxidant and acetonitrile as the solvent at 50 °C, furnishing the highest turnover values under these conditions. Complexes 1 and 2 showed lower activity than the mononuclear complexes synthesized with the ligands L1-L4 and L6. The presence of a more labile ligand (chloride), the lower steric hindrance, as well as the higher propensity to form mononuclear compounds observed for compound 2, can be considered to explain its higher activity as a catalyst for oxygenation reactions when compared with 1.
Experimental
Materials and methods
Reagents and solvents were used as received from commercial sources. Only the solvents used for electrochemical and electronic spectroscopy analyses were of spectroscopic grade. L5 was synthesized as described previously. 22 Vol. 21, No. 4, 2010 a Yields were calculated in relation to the substrate, using the equation (1), which relates the yield calculated from chromatographic analysis and the yield calculated from titration. For the chromatographic yield, the equations (2) and (3) were employed, using the corrected areas of the products (considering the corresponding response factor). b TN, turnover number; calculated as mol of products per mol of catalyst. R t = R AA + R rc (1) , where R t = total yield; R AA = yield of adipic acid obtained from titration; R rc = corrected chromatographic yield; (2) , where R c = chromatographic yield; n c = number of moles analyzed by GC (n c = n t -n aa ; n aa = mols of adipic acid; n t = number of moles of substrate); (3), where A p = corrected area of the products from GC; A t = total corrected area (sum of the areas of products and substrate from GC).
UV-Vis spectra were recorded on a Shimadzu 1601PC UV-Vis spectrophotometer in acetonitrile. Infrared spectra were collected on a FTIR Nicolet Magna-IR 760 spectrophotometer, with the sample dispersed in KBr. Mössbauer spectra were obtained using a Wissel instrument in the constant acceleration mode with transmission geometry. A 57 Co/Rh source was maintained at room temperature. The resultant spectra were least-squares fitted to Lorentzian shaped lines using the NORMOS software (Wissel Company). Metallic iron was used for energy calibration and also as a reference for the isomer shift (d) scale. Conductivity measurements were carried out with solutions containing 1×10 -3 mol dm -3 of the complexes, using a BioCristal NT CVM conductivimeter, employing a conductivity cell CA150. Cyclic voltammetry experiments were carried out using an Autolab PGSTAT10 potentiostat/galvanostat and a three electrode system, with a glassy carbon disk as the working electrode, a platinum wire as the auxiliary electrode and a platinum wire as the pseudo-reference electrode. As the supporting electrolyte, a 0.1 mol dm -3 solution of tetrabutylammonium perchlorate in acetonitrile was used. The redox couple Fc/Fc + (0.400 V versus NHE) was used as the internal standard. 35 Cyclohexane was purified before handling through successive extractions with H 2 SO 4 , H 2 O and NaHCO 3 solution (1%), respectively, and distilled over CaH 2 . The oxidants, H 2 O 2 and tert-butyl hydroperoxide (t-BuOOH), were titrated using the iodometric method. The oxidation products were analyzed in an HP 5890 gas chromatographer with FID detector and a DB-5 column.
Synthesis of [(SO 4 )(L5)Fe(m-O)Fe(L5)(SO 4 )] • 6H 2 O (1)
This complex was obtained through the reaction of a methanolic solution (50 cm 3 ) of L5 (2 mmol, 0.58 g) followed by the addition of an equimolar amount of solid FeSO 4
• 7H 2 O (0.56 g). The solution acquired immediately a greenish-brown color. The reaction mixturewas stirred for one hour, filtered and left to stand. The next day a red microcrystalline material began to precipitate. After 3 days, this microcrystalline solid was filtered, washed with cold propan-2-ol and dried under vacuum (0.48 g, 48% 
Crystallographic analysis
Crystallographic analysis was carried out on a CAD-4 diffractometer for complex 1 and on an APEX II diffractometer for complex 2, at room temperature. For complex 1, the electronic density attributed to highly disordered solvent molecules was removed using squeeze correction with PLATON. 37 All non-hydrogen atoms were refined with anisotropic displacement parameters, except for the oxygen atoms of the six water molecules of crystallization. Hydrogen atoms attached to carbon atoms were fixed at their idealized positions, whereas the H atoms of the alcohol groups were found from the Fourier map and treated with a riding model. The hydrogen atoms for the water molecules were not found. For complex 2, all non-hydrogen atoms were refined anisotropically. The counterion chloride (Cl3) is disordered over two alternative positions, with refined occupancy of 0.52(5) and 0.48 (5) . H atoms of the alcohol group and of the water molecule were found from the Fourier map and also treated with a riding model. Other H atoms were placed at their idealized positions, with C-H distances and U eq values taken from the default settings of the refinement program. Further crystallographic information is given in Table 2 .
Cyclohexane oxidation
The reactions were carried out in a 50 cm 3 round bottom flask under stirring for 24 h. Different solvents, temperatures and oxidants were employed, using an experimental optimization method. The catalyst:substrate:oxidant ratio was 1:1000:1000. The reagent amounts were: 0.75 cm 3 ) and the experiments were carried out at two temperatures: room temperature (25 o C) and 50 °C. The reactions were quenched by the addition of an aqueous 0.4 mol dm -3 solution of Na 2 SO 4 , followed by extraction with 10 cm 3 of diethyl ether. The ether layer was dried with anhydrous Na 2 SO 4 and analyzed by GC. Retention times and mass spectra compared with standards were used to characterize most of the reaction products. Yields were calculated taking into account the different response factors to FID of the substrate (cyclohexane) and products (cyclohexanol and cyclohexanone) through external standardization. For cyclohexyl hydroperoxide, the response factor to FID was considered to be the same as that of cyclohexanol. The aqueous phase was titrated with NaOH to quantify the total acid compounds obtained in the reaction, expressed as adipic acid.
Supplementary Information
The crystallographic data (atomic coordinates and equivalent isotropic displacement parameters, calculated hydrogen atom parameters, anisotropic thermal parameters and bond lengths and angles) have been deposited at the Cambridge Crystallographic Data Center (deposition numbers CCDC 672086 and CCDC 672087). Copies of this information may be obtained free of charge from: CCDC, 12 Union Road, Cambridge, CB2 1EZ, UK (Fax: +44-1223-336-033; e-mail: deposit@ccdc.cam.ac.uk or http://www.ccdc.cam.ac.uk).
